3GPP TSG RAN WG1 #109-e			R1-2204399
e-Meeting, May 9th – 20th, 2022

[bookmark: Source]Agenda item:	9.10.2
Source: 	NTT DOCOMO, INC.
Title: 	Discussion on multi-carrier UL Tx switching scheme
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: _Ref5850594]Introduction
At the RAN#94e meeting, a new WID on Multi-carrier enhancements (NR_MC_enh) was approved and it was revised at the RAN#95e meeting [1]. At the RAN#95e meeting, additional note for this WID was agreed in [2] which will be added in the next WID revision. The objectives of the core part WI are shown below.
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed



In this contribution, we discuss on the objective 2, i.e., UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs.


2. Discussion on target scenarios and assumptions
2.1	UL Tx switching configurations
In Rel-16 and Rel-17, UL Tx switching schemes across 2 bands were specified. Specifically, following scenarios are supported for Rel-16 and Rel-17 UL Tx switching (inter-band EN-DC scenario is excluded as an exception) [3, 4]. 
· 1 Tx – 2 Tx switching between 2 bands (where Tx chain #1 is fixed to band B while Tx chain #2 can switch between band A and band B) for inter-band UL CA scenario
· Band A has 1 DL/UL carrier, and Band B has 1 DL/UL carrier or 2 contiguous aggregated DL/UL carriers.
· 1 Tx – 2 Tx switching between 2 carriers (where Tx chain #1 is fixed to band B while Tx chain #2 can switch between band A and band B) for SUL scenario
· Band A has 1 SUL carrier, and Band B has 1 DL/UL carrier or 2 contiguous aggregated DL/UL carriers.
· 2 Tx – 2 Tx switching between 2 carriers (where Tx chain #1 and Tx chain #2 can switch between band A and band B individually) for inter-band UL CA scenario
· Band A has 1 DL/UL carrier, and Band B has 1 DL/UL carrier or 2 contiguous aggregated DL/UL carriers.
· 2 Tx – 2 Tx switching between 2 carriers (where Tx chain #1 and Tx chain #2 can switch between band A and band B individually) for SUL scenario
· Band A has 1 SUL carrier, and Band B has 1 DL/UL carrier or 2 contiguous aggregated DL/UL carriers.
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Figure 1: Rel-16/17 UL Tx switching between 2 bands

According to the WID, the Rel-18 UL Tx switching targets scenarios with switching across up to 3 or 4 UL bands with restriction of up to 2 Tx simultaneous transmission. Therefore, it is assumed that the UE has two Tx chains as in Rel-16/17 UL Tx switching scenarios, and the two Tx chains can cover up to 3 or 4 UL bands in total. Based on such assumption, following candidate scenarios in terms of switching configuration can be considered.
[bookmark: _Hlk101526912]Switching configuration.1: Both of two Tx chains can switch to any of 3 (or 4) bands, i.e., 2Tx-2Tx-2Tx(-2Tx) switching
Switching configuration.2-1: Only one of two Tx chains can switch to any of 3 (or 4) bands while another Tx chain is fixed to a certain band, e.g., 2Tx-1Tx-1Tx(-1Tx) switching (if one of two Tx chains is fixed to band A)
Switching configuration.2-2: Only one of two Tx chains can switch to any of 3 (or 4) bands while another Tx chain can switch to subset of 3 (or 4) bands, e.g., 2Tx-2Tx-1Tx(-1Tx) switching (if one of two Tx chains can switch to band A or B only)
Switching configuration.3: Both of two Tx chains can switch to subset of 3 (or 4) bands, e.g., Tx chain#1 can switch across band A and B while Tx chain#2 can switch across band B and C (and D)
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Figure 2: Possible switching configurations for Rel-18 UL Tx switching across up to 3 or 4 bands

By the way, as described in the WID, the expected use-case and gain of Rel-18 UL Tx switching can be summarized as below.
· It is described in the WID that “For multi-carrier UL operation, there are some limitations of current specification, e.g. 2TX UE can be configured with at most 2 UL bands, which only can be changed by RRC reconfiguration, and UL Tx switching can be only performed between 2 UL bands for 2Tx UE. Dynamically selecting carriers with UL Tx switching e.g., based on the data traffic, TDD DL/UL configuration, bandwidths and channel conditions of each band, instead of RRC-based cell(s) reconfiguration, may potentially lead to higher UL data rate, spectrum utilization and UL capacity”.
· For example, lower frequency bands such as FDD band have available UL resources in time domain, but the UL resources would be shared with many UEs and available UL resources in frequency domain for a UE would be quite limited. Meanwhile, higher frequency bands such as TDD band have much wider available bandwidth but only in subset of time domain resources. In addition, different bands would have different TDD configuration i.e., different timings of available UL resources and different channel conditions including congestion situations.
· Therefore, if 3 or 4 bands can be configured and the dynamic selection of one or two bands for the UL transmission e.g., bands with wider available bandwidth and better channel condition is performed for each UL transmission opportunity, UL throughput and capacity can be improved. Compared with UL Tx switching across 3 bands, UL Tx switching across 4 bands can expect larger gain.
 
Considering the possible switching configurations for Rel-18 UL Tx switching, the switching configuration.1 is the most flexible configuration where 2 Tx transmission is possible in any of 3 or 4 bands and any combination of 2 bands from 3 or 4 bands is also possible. For example, assuming the switching configuration.1 with 4 UL bands, the switching across 10 cases as shown in Table 1 is considered.
Table 1: possible switching cases for switching configuration.1 with 4 UL bands
	
	Number of Tx chains in band A, B, C and D
	Number of antenna ports in band A, B, C and D (option 1: no simultaneous transmission across multiple carriers)
	Number of antenna ports in band A, B, C and D (option 2: simultaneous transmission across up to 2 carriers)

	Case 1
	1T+1T+0T+0T
	n/a
	1P+0P+0P+0P, 1P+1P+0P+0P, 0P+1P+0P+0P

	Case 2
	0T+2T+0T+0T
	0P+2P+0P+0P, 0P+1P+0P+0P
	0P+2P+0P+0P, 0P+1P+0P+0P

	Case 3
	2T+0T+0T+0T
	2P+0P+0P+0P, 1P+0P+0P+0P
	2P+0P+0P+0P, 1P+0P+0P+0P

	Case 4
	1T+0T+1T+0T
	n/a
	1P+0P+0P+0P, 1P+0P+1P+0P, 0P+0P+1P+0P

	Case 5
	1T+0T+0T+1T
	n/a
	1P+0P+0P+0P, 1P+0P+0P+1P, 0P+0P+0P+1P

	Case 6
	0T+1T+1T+0T
	n/a
	0P+1P+0P+0P, 0P+1P+1P+0P, 0P+0P+1P+0P

	Case 7
	0T+1T+0T+1T
	n/a
	0P+1P+0P+0P, 0P+1P+0P+1P, 0P+0P+0P+1P

	Case 8
	0T+0T+1T+1T
	n/a
	0P+0P+1P+0P, 0P+0P+1P+1P, 0P+0P+0P+1P

	Case 9
	0T+0T+2T+0T
	0P+0P+2P+0P, 0P+0P+1P+0P
	0P+0P+2P+0P, 0P+0P+1P+0P

	Case 10
	0T+0T+0T+2T
	0P+0P+0P+2P, 0P+0P+0P+1P
	0P+0P+0P+2P, 0P+0P+0P+1P



In case of other switching configurations such as 2-1, 2-2 and 3, some of cases in the Table 1 are not applicable. It means that we can discuss necessary enhancements for the UL Tx switching mechanisms for the switching configuration.1 with 4 bands as ‘superset’ scenario, while we can discuss which potential scenarios and switching configurations can/should be supported in Rel-18 in parallel.

Proposal 1:
· [bookmark: _Hlk101986239]For Rel-18 UL Tx switching, following scenario is considered as ‘superset’ scenario, and necessary enhancements for the scenario should be discussed based on Rel-16/17 UL Tx switching schemes.
· Both of two Tx chains can switch to any of 4 bands, i.e., 2Tx-2Tx-2Tx-2Tx switching
· Option 1: no simultaneous transmission across multiple carriers is supported
· Option 2: simultaneous transmission across up to 2 carriers is supported

Proposal 2:
· For Rel-18 UL Tx switching, following candidate switching configurations should be considered for the down-selection if necessary.
· Switching configuration.1: Both of two Tx chains can switch to any of 3 (or 4) bands, i.e., 2Tx-2Tx-2Tx(-2Tx) switching
· Switching configuration.2-1: Only one of two Tx chains can switch to any of 3 (or 4) bands while another Tx chain is fixed to a certain band, e.g., 2Tx-1Tx-1Tx(-1Tx) switching (if one of two Tx chains is fixed to band A)
· Switching configuration.2-2: Only one of two Tx chains can switch to any of 3 (or 4) bands while another Tx chain can switch to subset of 3 (or 4) bands, e.g., 2Tx-2Tx-1Tx(-1Tx) switching (if one of two Tx chains can switch to band A or B only)
· Switching configuration.3: Both of two Tx chains can switch to subset of 3 (or 4) bands, e.g., Tx chain#1 can switch across band A and B while Tx chain#2 can switch across band B and C (and D)


2.2	UL carrier/band configurations
Regarding potential scenarios in terms of carrier/band, following points can be considered.
· For inter-band UL CA scenario
· Band A has 1 DL/UL carrier, Band B has 1 DL/UL carrier, and Band C has 1 DL/UL carrier
· Band A has 1 DL/UL carrier, Band B has 1 DL/UL carrier, Band C has 1 DL/UL carrier, and Band D has 1 DL/UL carrier (in case of up to 4 bands)
· Similar to Rel-17, it would be possible to consider scenarios with 2 contiguous aggregated carriers in a band
· For SUL + inter-band UL CA scenario
· Band A has 1 SUL carrier, Band B has 1 DL/UL carrier, and Band C has 1 DL/UL carrier
· Band A has 1 SUL carrier, Band B has 1 DL/UL carrier, Band C has 1 DL/UL carrier, and Band D has 1 DL/UL carrier (in case of up to 4 bands)
· Similar to Rel-17, it would be possible to consider scenarios with 2 contiguous aggregated carriers in a band
· Even for Option 2, simultaneous transmission is not possible between SUL and corresponding NUL
· For potential non-CA scenario
· The WID captures following two notes, but it is unclear whether/how to support “UL transmission on a carrier without corresponding carrier”
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· If it is something different from SUL e.g., UL only carrier, supporting scenarios with such a new type of carrier will require huge standardization effort in RAN1/2/4 which cannot be served in this WI with limited TUs/meetings. In addition, as in the second note, the SUL framework should not be extended to support such non-CA scenario with 3 or 4 UL bands.
· Therefore, we think that non-CA scenario should not be considered for Rel-18 UL Tx switching.

Proposal 3:
For Rel-18 UL Tx switching, following points should be considered for target scenarios in terms of carrier/band.
· The inter-band UL CA scenario and SUL+inter-band UL CA scenario should be supported.
· Similar to Rel-17, scenarios with 2 contiguous aggregated carriers in a band can be supported.
· The non-CA scenario with potential new type of UL only carrier without corresponding DL carrier should not be considered in this WI.


2.3	TAG assumptions
Regarding other general assumptions for UL Tx switching, following points have been assumed in Rel-16 and Rel-17 [3,4].
· Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
· Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
· Note 3:  The UE is configured with two different uplink carrier frequencies.
On the other hand, in the Rel-18 WID, it is described that both single TAG and multiple TAGs configurations are considered, while it was agreed in [2] that the extension of TX switching for 2 bands to multiple TAG configurations is included in the scope of this WI and the work is limited to RAN4. The extension to multiple TAG case has been discussed in RAN4, 
Based on above situation and limited TUs/meetings for this WI, we propose to take following approaches for the discussion on TAG assumptions.
· For UL Tx switching schemes across up to 3 or 4 bands with single TAG assumption, we can discuss necessary enhancements for the scenario(s) based on Rel-16/17 UL Tx switching schemes.
· For UL Tx switching schemes for 2 bands with multiple TAG configuration, although it was agreed in RAN that the work is limited to RAN4, it would be beneficial to discuss potential RAN1 impact for multiple TAG case in RAN1 and share the information to RAN4 considering limited TUs/meetings and shifted WI durations between RAN1 and RAN4. It would also be applicable to UL Tx switching schemes across up to 3 or 4 bands with multiple TAGs assumption.

Proposal 4:
· For Rel-18 UL Tx switching, necessary enhancements for up to 3 or 4 bands with single TAG case should be discussed based on Rel-16/17 UL Tx switching schemes.
· RAN1 should discuss potential RAN1 impact for multiple TAG case (at least for 2 bands case and potentially for up to 3 or 4 bands case) to share the information to RAN4.


3. Discussion on necessary enhancements
3.1	Necessary RAN1 impacts for the extension of Rel-16/17 mechanisms to 3 or 4 bands scenario
In Rel-16 and Rel-17, 1Tx-2Tx UL Tx switching and 2Tx-2Tx UL Tx switching between two bands for inter-band UL CA case and for SUL case were specified. 
RAN1 discussed on the two options of mapping between UL transmission ports and Tx chain for UL Tx switching in inter-band UL CA case with corresponding UE capabilities and RRC configuration, such as Option 1 (switchedUL) where simultaneous UL transmissions on two bands are not possible and Option 2 (dualUL) where simultaneous UL transmissions on two bands are possible. RAN1 also discussed and specified the specific cases/conditions where the switching period is applicable for each option as in TS 38.214 6.1.6. For Rel-17 2Tx-2Tx UL Tx switching between two bands for inter-band UL CA option 2, RAN1 discussed and specified the solution for the case where the state of Tx chains after the UL Tx switching is not unique (i.e., introducing RRC parameter uplinkTxSwitching-DualUL-TxState). 
Meanwhile, RAN2 and RAN4 discussed and specified other necessary aspects for UL Tx switching between two bands, such as below.
· The lengths of switching period (35us, 140us, 210us) and corresponding UE capability (uplinkTxSwitchingPeriod-r16, uplinkTxSwitchingPeriod2T2T-r17)
· The time mask for UL Tx switching (as in TS38.101-1 6.3A.3.3 and 6.3C.3) and the switching period location configuration (uplinkTxSwitchingPeriodLocation)
· The DL interruption requirements (as in TS38.133 8.2.2.2.10/10A/10B/10C and TS38.101-1 5.2A.2.1) and corresponding UE capability (uplinkTxSwitching-DL-Interruption-r16)
· RRC configuration and UE capability on carriers and band combinations for UL Tx switching (uplinkTxSwitchingCarrier, ULTxSwitchingBandPair-r16)
· RRC configuration and UE capability to enable 3 dB power boosting on carrier 2 (uplinkTxSwitchingPowerBoosting-r16, uplinkTxSwitching-PowerBoosting-r16)
· RRC configuration and UE capability to differentiate 1Tx-2Tx switching and 2Tx-2Tx switching (uplinkTxSwitching-2T-Mode, ULTxSwitchingBandPair-v17xx)
· UE capability on MIMO coherence for a band in UL Tx switching band combination (UplinkTxSwitchingBandParameters-v17xx)

Based on above, for Rel-18 UL Tx switching across up to 3 or 4 bands, RAN1 should discuss following points while other necessary aspects should be discussed in RAN2/4.
· Whether/how to reuse UL Tx switching mechanisms specified in TS38.214 or to define new mechanism(s)
· For example, assuming ‘superset’ scenario as in proposal 1 and Table 1 is to be supported, whether the dynamic switching across any band or combination of two bands across configured 4 bands is possible according to the UL scheduling as in Rel-16/17 UL Tx switching or not can be discussed.
· In addition, whether assumptions on Option 1 and Option 2 as in Rel-16/17 can be reused for Rel-18 or new option(s) need to be defined can also be discussed.
· Even if the straightforward extension based on Rel-16/17 UL Tx switching mechanisms is possible i.e., no need to specify new mechanism, RAN1 anyway needs to specify additional switching cases/conditions where the switching period is applicable for TS38.214.
· Whether/how to solve potential more ambiguous switching cases (e.g., defining RRC configurations as in Rel-17)
· For example, assuming ‘superset’ scenario as in proposal 1 and Table 1 is to be supported, there are not only two candidate states (oneT, twoT) as in Rel-17 but also more candidate states after the UL Tx switching, and hence the solution introduced in Rel-17 would need to be extended/enhanced. 

Proposal 5:
· For Rel-18 UL Tx switching, following points should be discussed in RAN1.
· Whether/how to reuse UL Tx switching mechanisms specified in TS38.214 or to define new mechanism(s)
· Whether/how to solve potential more ambiguous switching cases (e.g., defining RRC configurations as in Rel-17)


3.2	Necessary RAN1 impacts for the UL Tx switching with multiple TAGs scenario
Multiple TAGs across UL carriers/bands are used for the non-co-located UL CA scenario where the timing advance values based on propagation delay for different carriers/bands need to be different. UL Tx switching across UL carriers/bands with multiple TAGs may be beneficial in some scenarios e.g., in case of UL CA between macro cell deployment/frequency and dense small cell deployment/frequency where UE can be configured with non-co-located small cell and macro cell according to the best RSRP.
For the case of UL Tx switching across UL carriers/bands with multiple TAGs, any impact on switching period, RF and RRM requirements (e.g., whether/how to define separate switching period and/or RF/RRM requirements for multiple TAGs case) can/should be discussed in RAN4. On the other hand, following points can be considered from RAN1 perspective, and if RAN1 can reach a common understanding on some points, RAN1 can share it with RAN4 to facilitate the discussion in RAN4. 
· Whether the UL Tx switching mechanism needs to be different between single TAG case and multiple TAGs case
· Whether the UL Tx switching options for inter-band UL CA need to be different between single TAG case and multiple TAGs case
· Whether the UL Tx switching cases/conditions where the switching period is applicable need to be different between single TAG case and multiple TAGs case

Observation 1: 
For the case of UL Tx switching across UL carriers/bands with multiple TAGs, following points can be considered from RAN1 perspective and if RAN1 can reach a common understanding on some points, RAN1 can share it with RAN4 to facilitate the discussion in RAN4. 
· Whether the UL Tx switching mechanism needs to be different between single TAG case and multiple TAGs case
· Whether the UL Tx switching options for inter-band UL CA need to be different between single TAG case and multiple TAGs case
· Whether the UL Tx switching cases/conditions where the switching period is applicable need to be different between single TAG case and multiple TAGs case


4. Conclusion
In this contribution, we discussed on the objective 2, i.e., UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs.
Based on the discussion, following proposals were made.

Proposal 1:
· For Rel-18 UL Tx switching, following scenario is considered as ‘superset’ scenario, and necessary enhancements for the scenario should be discussed based on Rel-16/17 UL Tx switching schemes.
· Both of two Tx chains can switch to any of 4 bands, i.e., 2Tx-2Tx-2Tx-2Tx switching
· Option 1: no simultaneous transmission across multiple carriers is supported
· Option 2: simultaneous transmission across up to 2 carriers is supported

Proposal 2:
· For Rel-18 UL Tx switching, following candidate switching configurations should be considered for the down-selection if necessary.
· Switching configuration.1: Both of two Tx chains can switch to any of 3 (or 4) bands, i.e., 2Tx-2Tx-2Tx(-2Tx) switching
· Switching configuration.2-1: Only one of two Tx chains can switch to any of 3 (or 4) bands while another Tx chain is fixed to a certain band, e.g., 2Tx-1Tx-1Tx(-1Tx) switching (if one of two Tx chains is fixed to band A)
· Switching configuration.2-2: Only one of two Tx chains can switch to any of 3 (or 4) bands while another Tx chain can switch to subset of 3 (or 4) bands, e.g., 2Tx-2Tx-1Tx(-1Tx) switching (if one of two Tx chains can switch to band A or B only)
· Switching configuration.3: Both of two Tx chains can switch to subset of 3 (or 4) bands, e.g., Tx chain#1 can switch across band A and B while Tx chain#2 can switch across band B and C (and D)

Proposal 3:
For Rel-18 UL Tx switching, following points should be considered for target scenarios in terms of carrier/band.
· The inter-band UL CA scenario and SUL+inter-band UL CA scenario should be supported.
· Similar to Rel-17, scenarios with 2 contiguous aggregated carriers in a band can be supported.
· The non-CA scenario with potential new type of UL only carrier without corresponding DL carrier should not be considered in this WI.

Proposal 4:
· For Rel-18 UL Tx switching, necessary enhancements for up to 3 or 4 bands with single TAG case should be discussed based on Rel-16/17 UL Tx switching schemes.
· RAN1 should discuss potential RAN1 impact for multiple TAG case (at least for 2 bands case and potentially for up to 3 or 4 bands case) to share the information to RAN4.

Proposal 5:
· For Rel-18 UL Tx switching, following points should be discussed in RAN1.
· Whether/how to reuse UL Tx switching mechanisms specified in TS38.214 or to define new mechanism(s)
· Whether/how to solve potential more ambiguous switching cases (e.g., defining RRC configurations as in Rel-17)

Observation 1: 
For the case of UL Tx switching across UL carriers/bands with multiple TAGs, following points can be considered from RAN1 perspective and if RAN1 can reach a common understanding on some points, RAN1 can share it with RAN4 to facilitate the discussion in RAN4. 
· Whether the UL Tx switching mechanism needs to be different between single TAG case and multiple TAGs case
· Whether the UL Tx switching options for inter-band UL CA need to be different between single TAG case and multiple TAGs case
· Whether the UL Tx switching cases/conditions where the switching period is applicable need to be different between single TAG case and multiple TAGs case
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